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The lipase gene from Pseudomonas frugi IFO-12049 was isolated using the expression library and the primary structure 
of lipase deduced from the nucleotide sequence was determined. It is composed of 277 amino acid residues and a protein 
of M, 29 966, which was close to the value of the lipase expressed in E. coli. 
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1. INTRODUCTION 
Lipase (EC 3.1.1.3) is a lipolytic enzyme that 
hydrolyzes the ester bond of the triglycerol and is 
widely distributed in various animals, plants and 
microorganisms [l-6]. These lipases have a variety 
of properties in substrate specificity, activator re- 
quirements and so on. Especially lipases from 
microorganisms are an important enzyme for prac- 
tical purposes and used in the dairy and other food 
processes [7,8]. Further it is also known that 
lipases catalyze the ester synthesis by the reversal 
reaction of the hydrolysis and was useful for the 
stereo-specific synthesis [9, lo]. 
Recently several reports for the molecular clon- 
ing of the lipase gene have been published and 
revealed the primary structure of their lipases 
[l l-161. The determination of the primary struc- 
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ture of lipases is necessary to understand the 
molecular mechanism of the catalytic reaction and 
the relationships between the function and the 
structure of lipase. 
Here we report the cloning, complete nucleotide 
sequence, chromosomal localization and expres- 
sion of the lipase gene from Pseudomonas fragi 
IFO-12049 in E. coli. 
2. MATERIALS AND METHODS 
2.1. Materials 
Restriction endonucleases were from Nippon Gene (Toyama, 
Japan) or Toyobo Co. (Osaka, Japan) and used according to 
manufacturer’s recommendations. T4 polynucleotide kinase, 
Klenow fragments of polymerase I from E. coli and bacterial 
alkaline phosphatase were products of Takara Shuzo (Kyoto, 
Japan). [cu-“*P]dCTP (- 600 Ci/mmol) was from New England 
Biolabs (MA, USA). Tributyrin was from Tokyo Kasei (Tokyo, 
Japan). All reagents were of analytical grade unless otherwise 
stated. 
2.2. Bacterial strains, plasmids and medium 
P. fragi IFO-12049 was from the Institute for Fermentation, 
Osaka and used as a DNA donor for cloning. E. coli JM83 and 
pUC9 [17] were used as a host strain and a cloning vector, 
respectively. L-Broth medium (10 g bactotryptone, 5 g yeast ex- 
tract, both from Difco, Detroit, USA and 5 g NaCl per liter) 
was used for both E. coli and P. fragi strains, which were 
cultured at 37°C and 3O”C, respectively. 
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2.3. Plasmid construction, DNA preparations and 
transformation 
Standard recombinant DNA methods were carried out essen- 
tially as in 1181. Chromosomal DNA from P. fragi IFO-12049 
was purified as in [19] and the preparation of plasmid was per- 
formed by the alkali method [ 181. DNA fragments were isolated 
from 0.7% agarose gel by binding to DEAE-81 paper (What- 
man, USA) and eluting with 1.0 M NaCl. E. coli was 
transformed as in [20]. 
2.4. DNA sequencing 
For sequence determination, fragments of DNA were 
subcloned into pUC9 and were confirmed by a modified 
dideoxynucleic acid sequencing method [12] using either an 
Ml3 dideoxy sequencing kit (Takara Shuzo, Kyoto, Japan) or 
an Ml3 deaza-sequencing kit (Nippon Gene, Toyama, Japan). 
pFL- 1 
6.0 kb 
2.5. Cloning and screening procedures 
The tributyrin diffusion agar method was carried out essen- 
tially as in [ll] except the concentration of tributyrin was 1% 
(v/v). The transformant harboring the plasmid containing the 
lipase gene formed a clear zone. 
2.6. SDS-PAGE 
SDS-PAGE was run essentially as in [22]. The sample dis- 
solved in Laemmli’s sample buffer was heated at 95°C for 
5 min and cooled before being applied to a gel. The gel was fii- 
ed and stained with 0.1% (w/v) Coomassie brilliant blue R-250 
(Eastman Kodak). The standard marker was obtained from 
Pharmacia fine chemicals (Uppsala, Sweden). 
3. RESULTS 
3.1. Cloning of the lipase gene from P. fragi 
IFO-12049 
P. fragi IFO-12049 DNA was partially digested 
with Sau3A, and 2-6-kbp fragments were col- 
lected from electrophoresed agarose gel using 
DEAE-81 paper. The partial Sau3A fragments 
were inserted into the BamHI site of pUC9 and the 
ligated DNA was transformed into E. coli JM83 on 
the L-plate containing 1% tributyrin and am- 
picillin (50 pg/ml). Among 1500 transformants, 
one colony formed a clear zone due to lipase activi- 
ty (fig.lb). A recombinant plasmid containing a 
3.3-kb segment of the insert DNA was recovered 
from the transformant and designated pFL-1. 
Restriction enzyme analysis results in the map of 
pFL-1 as in fig.la. 
3.2. Subcloning, sequencing and chromosomal 
localization 
Fig. 1. (a) Physical map of plasmid pFL-1. The thick and thin 
lines represent the P. fragi DNA and vector pUC9, respectively. 
The shaded region in the thick line shows the region coding the 
lipase gene. The arrow indicates the direction of transcription 
of the lac promoter from pUC9 and its size corresponds to size 
of the gene. Restriction enzymes: E, EcoRI; P, PHI; H, 
HindHI; Sa, SalI; S, StnaI. @) Detection of the lipase activity 
on the 1% tributyrin agar plate. After 30 h incubation at 3O”C, 
the clear zone was formed due to lipase activity. Lanes: 1, 
JM83/pUC9; 2, P. fragi IFO-12049; 3, JM83/pFL-1; 4, 
JM83/pFL-2. 
Subcloning experiments were performed to iden- plasmid pFL-2 was constructed by the self-ligation 
tify the minimum region of the insert DNA of the EcoRI site of pFL-1. As shown in fig.2, 
necessary for the production of lipase. The these results indicated that the 0.2-kb region from 
31 
Volume 242, number 1 FEBS LETTERS December 1988 
-2ND--- C-1 
-2AB- c-1 
-2s1- (-) mtp 
- 
Fig.2. Subcloning of the DNA coding P. fragi lipase from 
pFL-1. Arrows indicate the direction of transcription from the 
lac promoter on the pUC9 vector. The lipolytic phenotype was 
determined by the halo formation on 1% tributyrin/L-broth 
plate. The thick underlining indicates the RasI fragment, used 
as a probe for Southern hybridization. Numbers are in 100 bp. 
the EcoRI site at the end of the insert of pFL-2 was 
essential for lipase activity. 
As in fig.3, the nucleotide sequence of the insert 
region of pFL-2 was determined and was found to 
contain a single open reading frame. The primary 
structure of the lipase deduced from the nucleotide 
sequence shows that lipase is composed of 277 
amino acid residues. The molecular mass 
calculated from the expected amino acid sequnce is 
29966 Da. 
Southern blot hybridization of PstI digestion of 
P. fragi DNA with a 0.9-kb RsaI fragment of 
pFL-2 as a probe (thick underlining in fig.2) show- 
Hind111 PstI SalI(BamHI/Sau3A) 
a ~GGCTGCAGGTCGAC 
10 20 30 40 50 60 70 80 
9o ~UCACCCT~~AGATTG::~ 
ATGGACGATTCGGTAAATACACGCTATCCGATCTTATTGGTACACGGCCTTTTTGGATTCGACCGGATAGGCTCGCATCACTACTTTCATGGTATCAAGCAAGCACTCAATGAGTGCGGT 
MDDSVNTRYPI LLVHGLFGFDRlGSHHYFHCIlPALNECC 
130 140 150 160 170 160 190 200 210 220 230 240 
GCCAGCGTCTTCGTTCCAATCATTTCAGCCGCCAACGACAATGAAGCCCGAGGCGATCAACTGCTCAAGCAGATCCACAACCTGCGCAGGCAGGTCGGTGCACAGCGTGTCAACCTGATC 
ASVFVPI ISAANDNEARGD4LLXPIHNLRR4VGA4RVNLl 
250 260 270 250 290 300 310 320 330. 340 350 360 
GGCCACAGCCAGGGCGCCCTTACCGCGCGTTATGTGGCGGCCATCGCCCCTGAACTGATCGCCTCGGTGACGTCAGTCAGTGGCCCCAACCACGGCTCCGA~GGCCGATCGCHGCGC 
GHS4GALTARYVAAIAPELlASVTSVSGPNHGSELADRLR 
430 440 450 460 470 460 
CTGGCCT:~~TCCCGGG~:8GCTTGGC~~~ACGGTGG:~~CCGCCCT~~~CACCTCG~~~AGCGCATT~TATCCGCCCTCAGCGGCCACCCGCGCCT~CCCAAAATGC~TGAATGCG 
LAFVPGRLGET VAAALTTSFSAFLS ALSGHPRLPPNALNA 
490 500 510 520 530 540 550 560 570 560 590 600 
CTTAACGCCCTGACCACCGATGGGGTT~CGC~TC~CC~CAATATCCCCAGGGGCTGCCCGACAGATGGGGCGGCATGGGCCCCGCACAGGTGAATG~~~A~A~ATTCCTGG 
LNALTTDGVAAFNRPY P4GLPDRYGGMG PAQVNAVHYYSY 
610 620 630 640 650 660 670 660 690 700 710 720 
AGCGGCATCATCAAAGGCTCGCGGCTGGCCGAGTCACTCAACCTGCTCGACCCCTTGCACAATGCCTTGCGTGTGTTTGACAGCTTTTTTACCCGCGAAACCCGAGAAAACGACGGCATG 
5 G I IKGSRLAE‘SLNLLDPLHNALRVFDSFFTRETRENDGM 
730 740 750 760 770 760 790 600 610 620 530 
GTTGGCCGCTTCAGCTCGCATCTGGGCCAGGTCATCC~CCGACTACCC~CTGGACCACCTCGACACCATCAACCATATGGCAAGAGGAAGCGCAGGCGCATCAACCCGGTAGAGCTTT 
VGRFSSHLGQVIRSDYPLDHLDTlNHMARGSAGASTR* 
ACATCGAGCACGCCAAACGCCTGAAGGAAGCGGCTTGTAGCCTGTAATCAATTCATTCAAGCGCAGTTTGCCGAGAAAAAAATCACCGAATCCGGTAGGCTCAGCACCTTATTCAAAGGA 
GTACTCCCTCATGGCCAAAGCCACTGCCCGTCACATCCTGGTTGCCACCGAAGACAAGTGCAACGAACTGAAAGCGCAAATCGAAGGCGGCCTGACTTCGCCGAAGTTGCCAAAGCCAAT 
EcoRI 
TCCTCTTGCCCGTCGAGCCGTCAGGGCGGCGACCTGGGTTCTTTCGGCCCGGGCCAGATGGTCAA~ 
Fig.3. (a) Nucleotide sequence encoding the lipase and the 
predicted amino acid sequence. The horizontal arrow shows the 
region derived from P. frugi DNA. (b) Sequence strategy of 
pFL-2. The open box indicates the region coding the lipase 
gene. Numbers are in 100 bp. 
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Fig.4. SDS-PAGE analysis of the expressed lipase gene from P. 
fragi in E. coli. 30 /tl of the cultured cells was applied on a 15% 
SDS-gel for 16 h at 37°C. Lanes: a, JM83/pUC9; b, 
JM83/pFL-2. The arrowhead shows the position of the 
expressed lipase protein. The molecular mass markers (in 
thousands) are indicated on the left. 
ed a 4.3-kb single positive band (not shown). These 
results suggested that the cloned lipase gene was a 
single copy gene in P. fragi IFO-12049. 
3.3. Expression of the lipase gene from P. fragi in 
E. coli 
The lipase gene from P. fragi was expressed in 
E. coli using pFL-2 with the control of the Iac pro- 
moter of pUC9. The level of production of the 
lipase in E. coli was detected by electrophoresis on 
SDS-polyacrylamide gel (15%). The molecular 
mass of the expressed lipase was estimated to be 
about 32 kDa as shown in fig.4. 
4. DISCUSSION 
A partial Sau3A fragment of P. fragi IFO-12049 
DNA cloned in E. coii was shown to direct the pro- 
duction of lipase whose activity could be detected 
in situ on plates using tributyrin (fig.lb). A 
3.3-kbp Sau3A fragment containing the active 
gene was cloned into pUC9 under the control of lac 
promoter. From the nucleotide sequence, the 
predicted molecular mass of the lipase is 29966 Da 
and this value agrees with that of the lipase ex- 
pressed in E. coii as estimated by SDS-PAGE 
(fig.4). 
Recently Kugimiya et al. [l l] reported the clon- 
ing of the lipase gene from P. fragi IFO-3458. The 
restriction map and the molecular mass of pFL-1 
obtained from P. fragi IFO-12049 were different 
from those of P. fragi IFO-3458. However, the 
nucleotide sequence analysis suggested that the two 
P. fragi lipase genes will have diverged from the 
same origin, because the nucleotide sequence was 
completely identical except at positions 354, 444 
and 451, shown in fig.3. 
The purification of the lipases from 
Pseudomonas sp. has been performed and the 
molecular mass was determined. These results 
demonstrate that their molecular masses are about 
29-33 kDa [4-61. The experimental results from 
the subcloning, nucleotide sequencing and expres- 
sion using pFL-2 agreed with the molecular masses 
of the lipases from Pseudomonas sp. 
The amino-terminal region of the lipase deduced 
from the nucleotide sequence has a signal peptide- 
like sequence [11,14], but the cleavage of this 
region in E. coli was not determined. The 
tributyrin halo, which is caused by hydrolysis with 
E. co/i-harboring pFL-2, points to the extracellular 
production of lipase in E. coli (fig.Ib). However, 
it is not yet clear whether the apparent extracellular 
production is due to the lysis of cells or the secre- 
tion through the inner/outer membrane in E. coli. 
So it is necessary to purify and characterize the 
lipase expressed in E. cob. The expression of P. 
fragi lipase in E. coli will enable the production of 
large amounts of the recombinant lipase, which 
can be used for enzymological and structural 
studies, and for the commercial purposes. 
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